Ferrofluids are stable suspension of ferrimagnetic nanoparticles in hydrocarbon carrier. This flu id is used for harvesting energy using energy conversion device which is presented in this work. The device consists of two chambers, they are hot and cold chamber in which differential magnetization is lin ked with an inductor. Classically very small value of coupling coefficient |k| has been observed. System configuration shows an emf generation rate of about 44.4µV/K. Presented work shows another way of harvesting energy. Ferrofluid havin g a particle size o f 21n m was used in this case.
INTRODUCTION
The process of deriving energy fro m various energy sources like wind, solar, temperature, vibration, etc with the help of energy harvesting devices are well known to us. Energy harvesters provide a very small amount of power with low degree of efficiency. So me vibrat ional sources in the environment include electric motor-rotation, wind motion, wave motion, vehicle motion and human movement, all of wh ich vary widely in both frequencies as well as amp litude [1] . Vib rational energy can be harvested using several methods, such as, piezoelectric, electrostatic and electromagnetic transduction. Electro magnetic energy harvesters are better candidates for low frequency vibrations, but, their peak output voltage is relatively low. In addition, the design of the applied power electronics and electromagnetic systems in the devices are crucial in efficiently delivering the harvested power to the load. Harvester configuration has been studied with the basic concept remain ing the same. The core principle is that the vibrations of magnetic field is lin ked as per Faraday's law to induce a current which can then drive an electrical device [2] . Ferrofluids have attracting application in various fields like automobiles, electrical engineering [28, 30, 31, 32] , space technology, computer science, med ical imaging, bio med ical [3, 4] , targeted drug delivery [5, 6] , optical fiber [27, 29] and sensors [7, 8] etc. The temperature sensitivity issue on ferrofluid has already been studied [9, 10] . Attempts have been made for generating energy fro m ferrofluids whereas, micro devices are used for fabrication and generation of energy.
Presented work investigates a magnetic flu id based electromagnetic energy harvester as a macro device. The generation of energy using magnetic field was observed by inducing Electro motive Force (emf) in a coil due to oscillat ing nature of the magnetic nanoparticles in ferrofluid [11] . Ferro flu ids are colloidal liquids made up of nanoscale permanent magnetic dipoles, can change shape freely and has ability to generate an electro motive force (emf) fro m s mall v ibrations. Ferrofluids are often applied to energy harvesting devices, because they have fluidity, magnetic properties and behaves like soft ferromagnetic substance [12] . Study of flow analysis of ferroflu ids, magnetic circuit and characteristics of resultant magnetic system is carried out classically. An energy harvester model based on magnetic field generated by a ferroflu id is proposed and developed. Thereafter, the feasibility of the proposed method is shown and its emf characteristics have been discussed with reference to experimental data.
In consequence, the aim of this work is to develop an energy conversion device using a differential magnetization of Fe 3 After coating, the surfactant which was adsorbed physically on the surface of the particles and excess surfactant was removed by washing with deoxygenated Milli-Q water. Centrifugation and peptizing the solution was carried out three times. After washing the powder 4 times, the precipitated powder was isolated by applying an mild external magnetic field and the supernatant was removed fro m the precipitate by decantation. The color of the powder was changed to brown from black after coating of surfactant. Deoxygenated Milli-Q water was added to wash the powder and the solution was decanted after centrifugation at 3500rp m. Shiny magnetic powder obtained was washed with ethanol and dried in the oven at 80 O C. All the characterizations of the sample were done in solid phase.
The size of the single domain particle depends on the compound and different anisotropic energy terms. The crit ical radius below which a particle acts as a single domain particle is given by equation-1 [25] . 
2.3Fe 3 O 4 based Ferroflui d
The powder prepared was dispersed in kerosene which is a hydrocarbon carrier. Surfactant was used for stability of ferrofluid against agglomerat ion. Ferroflu id with 2.5% volu metric Fig-1 shows a diagram of the proposed energy harvester using a ferroflu id with coil in its core. This energy harvester consists of two boxes. One box is water cooling chamber and other box is divided into two sub chambers called hot chamber and cold chamber. The partition of the chambers has a semi circular hole at the top as well as at the bottom. The water cooling box is attached at the upper side of the cold chamber and it acts as a cooling reservoir. A cooling reservoir has the dimensions of 25mm x 25mm x 75mm. The dimension of main bo x is 25mm x 25mm x 75mm with partit ion at 12.5mm fro m the edge. One side of the copper metallic plate is connected at the end of the bottom of hot chamber and the other side of metallic p late is kept open for heat input. Hot and cold sub chambers were filled up with ferrofluid having 2.5% volu me concentration. Nanoparticles are a ferrimagnetic particle with diameters of order 21n m as such particles behaves as a single domain magnetic particle.
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Functi onal Di agram for Electromagnetic Energy Harvester using Fe 3 O 4 Ferrofl ui d
The energy generating coil was placed exactly at the center of the main box assembly having 25,000 turns of 42 SW G and wounded on Bakelite former having 15mm width with diameter of 103mm. The entire assembly was housed in a vertical static magnetic field of 1Tesla as shown in Fig-1 denoting functional block. When heat input is given to the copper plate, it conducts and transfers it to the bottom of the hot chamber. Ferrofluid liquid which is present in hot chamber gets heated up and flows in upward direction due to natural convection.
Further, it moves in to the upper side of the cold chamber. The water cooling chamber wh ich is connected at the top of cold chamber helps to cool the hot ferrofluid entering the cold chamber. The ferrofluid enters the cold chamber and flows in the downward direction; it reaches at the bottom of the partition of the cold chamber. It then gets transferred to the hot chamber fro m bottom opening. Again ferrofluid gets heated up and the whole process is repeated again and again. Thus, the natural convection causes the ferrofluid to move in the container. This motion of the ferrofluid changes the magnetic flu x generated by the permanent magnet and creates a time-vary ing fluctuations in magnetic field, depending upon the temperature. This field induces an EMF in the coil, thus generating small electric potential. The output of coil was attached to oscilloscope (HAMEG / HM407-2) and readings were taken at different temperatures fro m 300K to 318K. Smaller range in temperature was selected for the device expected to work near roo m temperature.
III. CHARACTERIZATION OF Fe 3 O 4 NANOPARTICLES
Prepared Fe 3 O 4 powder was characterized by using Phillips PW 1800 powder X-ray diffractometer.
Scanning range during characterizat ion was taken between O . The morphology and particle size of these nanoparticles was characterized by TEM model H-7650 using 
IV. RESULTS AND DISCUSSION
TEM and XRD of Fe 3 O 4 Nanoparticles
The TEM of the powder is shown in the Fig-2. (JEOL make Model-JEM 2100). Evacuation current is required to be below 64 micro a mps for TEM to work under safety limits. All images have been taken below 32 micro amp s in safe limit for the filament of TEM . o . Half maximu m intensity width of the peak accounted with instrument broadening; particle size was calculated to 20.7n m.
Magnetizati on of Fe 3 O 4 Powder
Magnetization of the magnetite powder is as shown in Fig-4 . The saturation magnetization of 21n m magnetite particle was observed as 80.2emu/cc at 300K and the applied field was 10kG. 
Thermal effect on Ferroflui d and Induced Electromoti ve Force
Ferrofluids which are subjected to static uniform magnetic field and thermal gradient have interesting phenomena, which leads to thermo magnetophoretic mobility in ferroflu ids. Thermo magnetophoretic mobility is a kind of thermo diffusion as well as self oscillatory convection and the effect is called as Soret Effect. This is characterized by Soret Coefficient S T . The soret coefficient has been introduced in such a way that, if the particles tend to concentrate in the hottest region, then the soret coefficient is negative ( S T < 0); this is thermophilic behavior and if the particles of ferrofluid tend to go away from the hottest region, then the soret coefficient is positive (S T > 0); this is thermophobic behavior. In current system, the value of Soret coefficient lies in the range from 0.001 /K to 1.0 /K. It is also reported that Soret Coefficient S T is also a function of Vo lu me Fraction [16, 17] . The Marangoni effect also called as the GibbsMarangoni effect, is the mass transfer along an interface between two fluids due to surface tension Since a liquid with a high surface tension have pull more strongly on the surrounding liquid than the one with a low surface tension. The presence of a gradient in surface tension will naturally cause the liquid to flow away fro m regions of low surface tension. The surface tension gradient can be caused by concentration gradient or by a temperature gradient due to the fact that the surface tension is also a function of temperature [18, 19] .
Thus, the temperature gradient causes the motion of flowing of ferrofluid in the container. Th is motion of the ferrofluid in the container make changes in the magnetic flu x of permanent magnet and creates a time -varying magnetic flu x depending upon the temperature fluctuations. This flu x induces an emf in a coil. The output of coil has benn shown graphically as Fig-5 . Temperature of copper p late was raised fro m 300K to 318K whereas voltage observed from 300K to 318K was fro m 2.0 mV to 2.8 mV..
V. THEORETICAL ANALYSIS 5.1 Analysis of coupling coefficient |K|
Super-paramagnetic iron o xide nanoparticles show unique magnetic properties. The saturation magnetization, of individual single domain magnetic nanoparticle of specific size represents the maximu m magnetization (A/ m) that a particle can experience.
Where, is the mass of the individual particle, M d is the bulk saturation magnetization (A/ m/g), r is the radius of the particle is non-magnetic thickness of shell over core of the particle.
Thickness of the shell is about 1nm for super-paramagnetic particle sizes (Milliner al. 2007 ). With the help of , it is possible to find spontaneous magnetization, which is present in magnetic nanoparticle without applying any external magnetic field. This is also an ordered magnetization in a particle [20] . (4) T is the temperature of a nanoparticle and is Curie temperature of bulk materials. At temperatures above Curie temperature , the materials do not have ordered magnetic domain and thus shows no spontaneous magnetizat ion. The validity of this relationship is observed for maghemite [Fe 2 O 3 ] up to a temperature of 0.5
for maghemite is 685 K therefore establishing 340K as a maximu m valid temperature as far as this model is concerned. Other dimensionless important quantity to consider is , susceptibility of magnetic nanoparticle and it is deduced fro m equation-5. Susceptibility of the magnetic nanoparticle depends on the volume of the particle , temperature T as well as spontaneous magnetization , is Bolt zman's constant, is free space permeability.
It is the quantity which describes the magnetic response to an applied magnetic field. Generally, value is complex in nature at low temperatures below 150 K as well as complex nonlinear behavior at dynamic magnetic fields [22] . On these assumptions, magnetite nanoparticles too are subjected to the temperature below 340K such that the above model describ ing equations 1-3 are applicable.
Particle in collo idal ferro flu id with its magnetic mo ments m (A-m 2 ) are analogous to the mo lecules of paramagnetic gas. In the absence of externally applied magnetic field, the particles are randomly oriented and colloidal ferrofluid has no net magnetization. In ordinary magnetic field strength, the tendency of dipole mo ments to align to an external magnetic field is partially overco me by thermal ag itation. Part icles align mo re and more if Other important property of colloidal ferrofluid is susceptibility and is a standard ratio as shown in equation-6.
Equation (5) has been replaced in equation (4) and rewritten as equation (7) 
Since,
for particle.
Replacing above and and in equation (6) we get equation (8) as follows. (9) Expanding, we get wb/ m 2 magnetic field density at particle. = is a magnetic flu x density (wb/m 2 ) of a [23, 24] and are governed by equation (9) . (12) This , Brownian relaxat ion time is in the order of sec for 21 nm particle. Therefore maximu m value of induced emf can be shown as equation (13 
Where is flu x density per particle, n c is number of particles in sample at center of coil with cold core. .V = .
Where is the domain magnetization of bulk material, N is the number of turns of the coil and and is of the order of 10 -6 sec. Vo lts (25) Where, |k| is the coefficient of flu x linkage with the coil. The measured value of generated emf was 800 µV at temperature of 318K. Negative sign of emf is only for direction convention. Experimentally observed value of |k| was 1.6 x 10 -9 at temperature of 318K. Values of |k| at different temperatures are depicted in Fig-6 . Considering control volume a-b-e-f-a in Fig-7 , whereas the Raynold transportation of mass into control volume is analysed and given in equation-26. For the purpose of system analysis on control volume, we must apply equations to a specific region rather than to individual masses. Reynolds transport theorem is applicable here. Consider a fixed control volume a-b -e-f-a with an arbitrary flow pattern. In general, each differential area dA of surface of inflow and out flow may have a different velocity V with a different angle θ with the normal to dA. One can find in flow volu me of and outflow volu me of . Whereas the ferrofluid is assumed as an incompressible fluid and there is no accumulat ion of mass into any of the control volume. The flow will get developed slowly due to the heat flow at hot chamber and required to reach at control volume of hot chamber. For the system shown in Fig-7 , an instantaneous change of B sys in the system is sum of the change within control volume plus the outflow and minus the inflow. A in and A out are the cross sectional areas in the control volume in hot chamber. Whereas, integral CV and CS refer to control volu me and control surface respectively; is the density of ferrofluid and is related to unit mass parameter. V olhc control volume of hot chamber such that be the intensive value of the amount B per unit mass in any small element of the fluid. A change within the control volume in hot chamber a-b-e-f-a is given by Outflow of β fro m the above control volu me side a-b is given by Inflo w fro m same control volu me is fro m side e-f
The Raynold transportation equation for control volume a -b-e-f-a in hot chamber is then given by -: (26) Under certain circu mstances, .
As the fluid is incompressible and there is no accumulat ion of mass within control volu me under question, therefore differential volu me is zero. Where, W is the work done by the heat input on sample and by the environment and Q H is the heat extracted from the test cell. At the beginning of the cycle, the ferroflu id is held at a constant temperature of about 300 K. Work is done on the ferrofluid system and heat is exhausted to the cold reservoir. Initially, an internal energy of the system does not change since the temperature does not change. According to the First Law of Thermodynamics,
where Q is the heat added to the system and W is the work done by the system. In the second part of the cycle, heat is added to the system causing the ferrofluid colloidal to push the mass material slowly. Under magnetic field the material gets magnetically polarized and Brown ian motion gets restricted giving rise to a differential magnetization. This differential magnetizat ion of a control volume of hot and cold chamber will fluctuate more and more due to temperature rising and giving rise to emf generation in the coil.
